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Abstract 
The article presents the results of measurements and developed on their basis sorption isotherms with mathematical description of 
the graphs obtained. The research was conducted on samples of three kinds of autoclaved aerated concretes with similar bulk 
density of approximately 600 kg/m3, but provided by different manufacturers. The tested concretes were also different 
by composition of raw materials. One of the examined concretes had fly ash in its composition. The moisture sorption studies 
were conducted at temperature 25oC and at six relative humidity levels ĳ § 11, 33, 53, 75, 84, 97 %. The levels of temperature 
and relative humidity conditions correspond to a typical temperature/humidity conditions in which in practice commonly used 
autoclaved aerated concretes can be found. The moisture sorption content was obtained after several months of measurements 
at the equilibrium state. This data was then used to prepare sorption isotherms of the tested materials. The experimentally 
obtained data were then applied to calculate mathematical description of graphs. For this purpose three commonly known and 
used equations were applied: equation of Chen Y. and Chen Z., equation of Jovanoviþ’s for multi-layer adsorption, and Hüttig’s 
equation. Using statistical methods the compliance of the adsorption isotherm equations was compared with experimental data. 
For that purpose the STATISTICA programme was used. To estimate the coefficients of the equations  the authors used one of the 
programme modules, i.e. the non-linear estimation. To assess how well the data fit a statistical model the coefficient of 
determination R2 was used. 
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1. Introduction 
Sorption isotherms of building materials depict the dependence of the equilibrium sorption moisture on the 
relative humidity of air at a given temperature. They differ in their character and shapes, because sorptivity 
of materials varies within very wide range and depends mostly on the type of the material, its porosity structure, 
density, composition, proportion of ingredients, applied additions and admixtures, manufacturing technology, as well 
as the temperature and humidity conditions. 
Scientific research regarding the moisture sorption processes in building materials have been conducted for many 
years by a number of research centers. In general, the research consists of observing the mass of the adsorbate, based 
on precise mass measurements of the specimen, conducted before, during and after the experiment. The process 
of determining the sorption properties, using the standard method, is described in [1]. Its flaws and the new approach 
that can reduce the time of measurement were presented by Plagge, Funk, Scheffer, Grunewald and Häupl [2, 3]. 
Moreover, Markova, Sparr and Wadsö [4, 5] presented an innovative measurement technique, using a so called 
micro-calorimeter, which allows describing the sorption process in a thermodynamic way. 
The sorption moisture values for building materials quoted in the literature are only indicative. In case of aerated 
concrete, these values can sometimes vary significantly, which is a result of, among others, the raw material 
composition in the tested materials. The obtained equilibrium sorption moisture, stabilised experimentally, is then 
used to draw the sorption isotherms, which are then mathematically described. The literature of the subject mentions 
many empirical adsorption isotherm equations, developed for special purposes and using different concepts, as well 
as some new mathematical techniques, such as neural networks and genetic codes [6]. Nevertheless, there is no 
universal sorption isotherm equation available, which would describe the curve for all building materials in the full 
relative air humidity range in a satisfactory way. Therefore, the analyses focus on verification of the equations 
available in the constantly growing literature of this subject [7, 8] and the authors achieve different levels 
of adjustment of the theoretical curves to the results obtained during experiments. 
In this paper three mathematical models describing the dependence of the sorption moisture on the relative air 
humidity on the example of aerated concretes are analysed and assessed their goodness of fit. On the basis of works 
[9, 10] only such mathematical models were chosen, which described the sorption isotherms in a satisfactory way for 
this material. 
 
Nomenclature 
AAC autoclaved aerated concrete  
ρ  bulk density [kg/m3] 
sρ standard deviation of bulk density [kg/m3] 
a the amount of adsorbed substance [kg/kg] 
C the constant of Chen Y. and Chen Z. function 
am monolayer capacity [kg/kg] 
p pressure [Pa] 
ps vapour pressure [Pa] 
h=p/ps relative vapour pressure [%] 
uL weight moisture content as a function of Chen Y. and Chen Z. [%] 
ϕ relative humidity [%] 
a”, b” constants of  Jovanoviþ’s function for multilayer adsorption  
a, b, c experimentally determined values of Chen Y. and Chen Z. function 
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2. Sorption study 
2.1. Research material 
The research was conducted on specimens of three aerated concretes of similar bulk density, equal to about 600 
kg/m3, but obtained from different manufacturers. The aerated concretes varied also in their raw material 
composition. One of the materials contained fly ash. 
The first material (called AAC1) was aerated concrete produced from natural ingredients, without any addition of 
fly ashes, hence its colour was white. The second material (AAC2) was produced with some fly ash addition, which 
gave it a grey shade. The last aerated concrete in study (AAC3) was the most popular and the oldest on the Polish 
market ash-free aerated concrete. 
A survey of the materials accepted for the study allowed to determine their bulk density [10, 11]. The average 
densities of the aerated concretes and their standard variations are shown in Table 1. 
Table 1. Average densities of tested autoclaved aerated concretes and their standard deviations. 
Material ȡ [kg/m3] sȡ [kg/m3] 
AAC1 609 19.3 
AAC2 585 14.8 
AAC3 595 11.6 
2.2. Test procedure 
The study was carried out in three stages. On the first stage, the ready materials were cut wet with a diamond 
circular saw into 1-cm thick specimens. Then, the specimens were dried up to solid mass in 105oC and their 
sidewalls were insulated with silicone. This precise sidewall insulation of the specimens provided a one-directional 
(only through the frontal surfaces) moisture exchange during the sorption process. 
The experiment was conducted at 25oC and at six relative air humidity levels ϕ § 11, 33, 53, 75, 84, 97 %. The 
25oC temperature was stabilised in a chamber thermostat, while the relative air humidity was ensured by saturated 
solutions of proper salts: LiCl (ϕ ≈ 11%), MgCl2 (ϕ ≈ 33%), Mg(NO3)2 (ϕ ≈ 53%), NaCl (ϕ ≈75 %), KCl (ϕ ≈ 84%), 
K2SO4 (ϕ ≈ 97%). The applied temperature level and relative humidity range were corresponding to the typical 
thermal and humidity conditions, in which a commonly used building material, such as the aerated concrete, can be 
found in general practice. 
During the sorption property study, the specimens were placed in tightly sealed containers over the saturated 
solutions of the salts. In each relative air humidity level, three specimens of each material were placed. The 
containers with saturated solutions and specimens were placed in the thermostatic chamber at a constant 
temperature. Figure 1 presents the inside of the thermostat with testing systems. The proper measurements of the 
changes in the specimen masses were conducted for 3,5 months. 
 
 
Fig. 1. Climatic chamber with containers. 
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2.3. Test results 
On the basis of the multi-week recoding of mass changes in different climates, equilibrium sorption moisture was 
calculated. Sorption moisture w [%] expresses the percentage of water content referred to the dry mass of samples. 
Average stabilized sorption moisture for the three tested concretes was summarised in Table 2. The calculations of 
measurement errors were calculated as the ratio of standard deviation and the mean value (coefficient of variation). 
Table 2. Mean stabilized moisture sorption at 25oC and coefficients of variation [11]. 
ϕ [%] AAC1 AAC2 AAC3 
w [%] Vx [%] w [%] Vx [%] w [%] Vx [%] 
11 1.03 2.77 1.59 2.59 1.33 3.09 
33 1.46 0.82 2.62 3.47 1.65 3.05 
53 1.86 7.83 3.56 0.42 1.91 2.24 
75 2.76 4.68 4.61 3.52 2.29 4.32 
84 2.73 5.68 6.67 14.35 2.75 4.33 
97 10.21 8.94 26.30 0.22 8.93 0.83 
 
The results obtained for autoclaved aerated concretes of similar density indicate clearly a great influence of the 
composition and proportion of the ingredients on the sorption moisture value. The material with fly ash addition 
(ACC2) gained a significantly higher sorption moisture value at each of relative air humidity level. The biggest 
disproportions between tested concretes were observed for the highest relative humidity level, where the results were 
at least three times higher.  
2.4. Sorption isotherms 
The equilibrium sorption moisture value, gathered during many months of measurements, was used to prepare the 
sorption isotherms for the studied materials. Figure 2 shows the isotherms prepared for the three autoclaved aerated 
concretes at 25oC temperature. 
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Fig. 2. Sorption isotherms of autoclaved aerated concrete at 25oC. 
3. Sorption isotherms description 
The experimental data was used to describe the curves mathematically. For this purpose, three commonly known 
and used sorption isotherm equations were used: the Chen Y. and Chen Z. equation, the Jovanoviþ’s equation for 
multilayer adsorption and the Hüttig’s equation. The used equations are shown in Table 3. 
The adsorption isotherms equations mentioned in the literature were compared to the data from the experiment, 
using statistical methods. To achieve this, software STATISTICA was used. To estimate the equation coefficients, 
one of the programme modules, called the non-linear estimation, was used. The boundary conditions and boundary 
setting of the three used models were the same. To assess how the equations fit to the experimental data in the range 
of ϕ=0÷97 %, the coefficient of determination R2 was used. The results for each of the concretes are gathered 
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in Table 4. The following charts (Figure 3, 4, 5) show a graphic representation of the results. 
Table 3. Tested isotherm equations [9, 10]. 
No. Author Equation 
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Table 4. Results of R2 parameters for the sorption isotherm equations. 
No. Author AAC1 AAC2 AAC3 
1 Hüttig 0.6430 0.5916 0.6434 
2 Chen Y. and Chen Z. 0.9809 0.9964 0.9708 
3 Jovanoviþ for multilayer adsorption 0.8932 0.9547 0.8524 
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Fig. 3. Sorption isotherms of autoclaved aerated concretes described by Hüttig’s equation. 
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Fig. 4. Sorption isotherms of autoclaved aerated concretes described by Chen Y. and Chen Z. equation. 
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Fig. 5. Sorption isotherms of autoclaved aerated concretes described by Jovanoviþ’s function for multilayer adsorption. 
4. Summary 
The article presents the results of measurements and developed on their basis sorption isotherms with 
mathematical description of the graphs obtained. The results of the analysis show that the R2 parameters illustrated 
in Table 4 have the best fit of experimental data to a mathematical model for the all tested concretes in case of Chen 
Y. and Chen Z. equation. Secondly, satisfactory results were obtained for Jovanoviþ equation for multilayer 
adsorption. The worst results were obtained for Hüttig equation. The results indicate that on the surfaces of the pores 
of the tested materials multi-molecular adsorption layers are formed.  
The analysis clearly show that for the autoclaved aerated concrete of 600 kg/m3 density tested in 25oC the Chen 
Y. and Chen Z. function can be successfully applied. For this model the best fit to experimental data was obtained as 
evidenced by the high values of R2 parameter. 
The results of the research and analysis indicate the need to carry on studies of sorption, as they fill the gaps 
in the databases of properties of the latest or modified existing building materials. With this data designers can 
increase the accuracy of calculations. 
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